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'XH WR ULVLQJ HQHUJ\ SULFHV DV ZHOO DV WKH RYHUDOO
HIIRUW WR LQFUHDVH HQHUJ\ HIILFLHQF\ OLJKW ZHLJKW
FRQFHSWVZLOOSOD\DGHFLVLYHUROHLQWKHUHGXFWLRQRIIXHO
FRQVXPSWLRQ >@ 6SDFHIUDPHVWUXFWXUHV PDGH E\
MRLQLQJ DOXPLQXP H[WUXVLRQ SURILOHV ZKLFK DUH
LQFUHDVLQJO\ XVHG LQ WKH DXWRPRWLYH DQG DHURVSDFH
LQGXVWULHV VLJQLILFDQWO\ FRQWULEXWH WR ZHLJKW UHGXFWLRQ
DQGWKHUHIRUHWRWKHLQFUHDVHRIHQHUJ\HIILFLHQF\>@
%HFDXVH RI WKH WHQGHQF\ RI SURGXFW FXVWRPL]DWLRQ
ZKLFK OHDGV WR DQ H[WHQGHG SURGXFW YDULHW\ WKH
SURGXFWLRQSURFHVVLVPRUHDQGPRUHVKLIWLQJWRZDUGVD
VPDOO EDWFK SURGXFWLRQ >@ :LWKLQ D KLJK SURGXFW
YDULHW\ WKH DVVHPEO\ LV VWLOO RQH RI WKH PRVW FRVW
HIIHFWLYH RSHUDWLRQV >@ 7KHUHIRUH WKH LQGLYLGXDO
DVVHPEO\SURFHVVHV KDYH WREHPDGHPRUH IOH[LEOH DQG
DGDSWDEOH>@
7KH DVVHPEO\ RI VSDFHIUDPHVWUXFWXUHV LQ D VPDOO
EDWFKVHULHV LVPRVWO\GRQHPDQXDOO\DQGZLWK WKHKHOS
RIFRVWLQWHQVLYHGHYLFHVZKLFKRIWHQPDNHXS
RI WKH WRWDOSURGXFWLRQFRVW >@7KHGHPDQGIRUDKLJK
UHSURGXFLELOLW\ GXULQJ WKH DVVHPEO\ RI D VSDFHIUDPH
VWUXFWXUH LV RIWHQ LPSRVVLEOH WR JXDUDQWHH E\ DPDQXDO
SURFHVV >@ 7KHUHIRUH WKH DXWRPDWHG DVVHPEO\ LV
SUHIHUUHGEHFDXVHRITXDOLW\DQGHFRQRPLFDVSHFWV>@
&RQFHUQLQJ VSDFHIUDPHVWUXFWXUHV WKH QXPEHU RI
MRLQWV VKRXOG EHPLQLPL]HG DV WKH\ XVXDOO\ UHSUHVHQW D
PHFKDQLFDO ZHDN VSRW 7KHUHIRUH DV ZHOO DV IRU
HFRQRPLF UHDVRQV WKH QXPEHU RI SURILOHV XVHG LQ D
VSDFHIUDPHVWUXFWXUH LVPLQLPL]HGZKLFK LQFUHDVHV WKH
JHRPHWULF FRPSOH[LW\ RI WKH LQGLYLGXDO SURILOHV >@
2QH SRVVLELOLW\ IRU WKH SURGXFWLRQ RI FRPSOH[ WKUHH
GLPHQVLRQDO DOXPLQXP SURILOHV LV WKH SURFHVV ³FXUYHG
SURILOHH[WUXVLRQ´>@>@
,Q JHQHUDO SURGXFWLRQ SURFHVVHV DUH VXEMHFW WR
YDULDWLRQV DQG FDQ QHYHU EH FRQVLGHUHG DV SHUIHFW >@
7KHUHIRUHFHUWDLQGHYLDWLRQVIURPWKHWDUJHWJHRPHWU\RI
WKH VLQJOH FRPSRQHQWVPD\ RFFXUZKHQ XVLQJ QHZ DQG
LQQRYDWLYH SURGXFWLRQ SURFHVVHV IRU D VPDOO EDWFK
SURGXFWLRQDVWKHOHYHOLQJRIWKHVHSURFHVVHVWRLQFUHDVH
WKHVWDELOLW\LVQRWSRVVLEOHRURQO\LQDOLPLWHGZD\GXH
WR HFRQRPLF UHDVRQV >@ 7KH TXDOLW\ RI WKH VLQJOH
FRPSRQHQWV LV QRUPDOO\ YHU\ LPSRUWDQW HVSHFLDOO\ IRU
WKH DVVHPEO\ RI VSDFH IUDPH VWUXFWXUHV LQ RUGHU WR
JXDUDQWHH WKHLU IXQFWLRQDO FRPSOHWLRQ DQG DVVHPEO\
UHTXLUHPHQW +HQFH WKH FRQVLGHUDWLRQ RI UHOHYDQW
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H[LVWLQJGHYLDWLRQVRIHDFKVLQJOHSURILOHRFFXUULQJZKLOH
DVVHPEO\KDVWREHSHUIRUPHG
&RQFHUQLQJ WKH DVVHPEO\ RI VSDFHIUDPHVWUXFWXUHV
WZRPDLQLVVXHVDULVHDVWKHH[LVWLQJGHYLDWLRQVFDQDGG
XSGXULQJDVVHPEO\ LQ VXFKDZD\ WKDW D³FORVLQJ´ WKH
VWUXFWXUH LV RQO\ SRVVLEOH WR D OLPLWHG H[WHQG ,I D
IOH[LEOHDXWRPDWHGDVVHPEO\ZLWKRXWVSHFLILFGHYLFHVLV
DVSLUHGLWEHFRPHVHYLGHQWWKDWWKHDVVHPEO\ZLOOQRWEH
SRVVLEOHZLWKRXWDQ\PHDVXUHVWRLQFUHDVHWKHDFFXUDF\
$ PDQXDO DVVHPEO\ SURFHVV SHUIRUPHG ZLWK VSHFLILF
ULJLG GHYLFHV PD\ FDXVH D ³IRUFHG FORVLQJ´ RI WKH
VWUXFWXUHZKLFK OHDGV WR WKH LQVHUWLRQRI UHVLGXDO VWUHVV
DQGWKHUHIRUHWRDQHJDWLYHLPSDFWRQWKHIDWLJXHVWUHQJWK
>@
'HSHQGLQJRQ WKH DUHDRI DSSOLFDWLRQ DSSURDFKHV WR
PLQLPL]H WKH HIIHFWV WKDW FDXVH GHYLDWLRQV DUH QRW
VXIILFLHQW VLQFH GXH WR WKH SURFHVVHV QRW DOO LQIOXHQFHV
FDQEHGHWHFWHG>@*LYHQWKDWDVZHOODVWKHIDFWWKDW
DFFXUDF\ SUREOHPV DUH RIWHQ QRW UHFRJQL]HG XQWLO WKH
FRPSRQHQWVDUHDVVHPEOHG>@LWEHFRPHVHYLGHQWWKDW
DGYDQFHG PHDVXUHV KDYH WR EH LPSOHPHQWHG DQG WKH
LQOLQHTXDOLW\ FRQWURO VKRXOG EH FRQGXFWHG LQ RUGHU WR
HQVXUHDQDXWRPDWHGDQGIOH[LEOHDVVHPEO\SURFHVV
1.1. General Approach 
7KHPDFKLQLQJRIWKHHQGVHFWLRQVRIVLQJOHSURILOHVLV
DIOH[LEOHDQGHFRQRPLFDOZD\WRFRPSHQVDWHSURGXFWLRQ
UHODWHGGHYLDWLRQVDQGWKHUHIRUHWRLQFUHDVHWKHDFFXUDF\
RIDVSDFHIUDPHVWUXFWXUH
7ZRGLIIHUHQWPDFKLQLQJSRVVLELOLWLHVFDQEHH[HFXWHG
RQ D SURILOH 7KH ILUVW RSWLRQ LV WKH VKRUWHQLQJ RI WKH
VWDUWDQGHQGVHFWLRQVRIDSURILOHZKLFKUHSUHVHQWVWZR
WUDQVODWLRQDOGHJUHHVRIIUHHGRP7KHRWKHUSRVVLELOLW\LV
WR LQVHUW D FKDPIHUHG HGJH DW WKH VWDUW VHFWLRQ RI WKH
SURILOHZKLFKDOORZVDVSDWLDOURWDWLRQRIWKHSURILOHDQG
WKXV UHSUHVHQWV WKH URWDWLRQDO GHJUHHV RI IUHHGRP IRU D
SURILOH&RPELQHGWKLVLVDIOH[LEOHZD\IRUDGMXVWLQJDQ
DFWXDOSURILOH WR D WDUJHWSURILOH ZKLFK DOORZV D
FRPSHQVDWLRQRIGHYLDWLRQVDQGWKHUHIRUHWRLQFUHDVHRI
WKHDFFXUDF\
)LJXUH  LOOXVWUDWHV WKH FRQWH[W VFKHPDWLFDOO\ E\
WDNLQJDWZRGLPHQVLRQDOSURILOHWKDWLVIL[HGWRDSDQHO
&RPSDUHG WR WKH WDUJHWSURILOH WKHDFWXDOSURILOHVKRZV
GHYLDWLRQV UHJDUGLQJ WKH OHQJWK DV ZHOO DV WKH SURILOH
FRQWRXU ILJ  WRS %\ FXWWLQJ WKH EHJLQQLQJ DQG WKH
HQGRIWKHSURILOHDQGDGMXVWLQJDQDQJOHDWWKHEHJLQQLQJ
RI WKHSURILOH WKHRSWLPL]HGSURILOHILJERWWRPFDQ
EHDOLJQHGVSDWLDOO\LQDZD\WKDWWKHGHYLDWLRQRIWKHHQG
SRLQWVDQGWKHFRQWRXUFDQEHPLQLPL]HG&RQVHTXHQWO\
WKHSURILOHVFDQEHDGDSWHGLQGLYLGXDOO\DQGWKHDFFXUDF\
RI WKH VSDFHIUDPHVWUXFWXUH FDQ EH LQFUHDVHG >@ E\
DSSO\LQJWKHIROORZLQJSURFHGXUDOPHWKRG
7KH PHDVXUHPHQW GDWD RI WKH DFWXDOFRQWRXU LV
DYDLODEOH IRU DOO SURILOHV ZKLFK DUH DVVHPEOHG LQWR D
VSDFHIUDPHVWUXFWXUH:LWK WKLV GDWD WKHPDWKHPDWLFDO
PRGHOLQJ FDQ EH SHUIRUPHG:LWK WKH KHOS RI D YLUWXDO
DVVHPEO\DOOGHYLDWLRQV UHJDUGLQJ WKH OHQJWKDVZHOODV
WKH FRQWRXU FDQ EH DQDO\]HG 7KLV DOORZV WKH
GHWHUPLQDWLRQRIDOOHUURUVWKDWRFFXUZKHQ³FORVLQJ´WKH
VSDFHIUDPHVWUXFWXUH 7KHVH HUURUV DUH VXEVHTXHQWO\
PLQLPL]HGE\DQRSWLPL]DWLRQZLWKUHVSHFWWREDVLFDQG
ERXQGDU\ FRQGLWLRQV 7KH SURFHVVLQJ SDUDPHWHUV DUH
FDOFXODWHGLQDODVWVWHS


)LJ&RPSHQVDWLRQRIFRQWRXUGHYLDWLRQVLQDQ\RIVSDWLDOGLUHFWLRQV
E\PDFKLQLQJSURILOHHQGVHJPHQWV
7KHPDWKHPDWLFDOPRGHOLQJDVZHOODVWKHPHWKRGLFDO
LV DOUHDG\ VKRZQ H[WHQVLYHO\ LQ >@ DQG >@ )RU WKLV
UHDVRQ WKH QH[W SDUDJUDSK ZLOO IRFXV GLUHFWO\ RQ WKH
UHVXOWVUHJDUGLQJWKHGHPRQVWUDWLRQVWUXFWXUHXVHGLQWKH
7UDQVUHJLRD*HUPDQFROODERUDWLYHUHVHDUFKFHQWHURQ
EHKDOIRIWKH*HUPDQ5HVHDUFK)RXQGDWLRQ')*>@
5HVXOWVIRUWKHFRPSHQVDWLRQRIGHYLDWLRQV
)LJXUH  VKRZV WKH YLUWXDO DVVHPEO\ RI WKH
GHPRQVWUDWLRQ VWUXFWXUH IRU WKH &ROODERUDWLYH 5HVHDUFK
&HQWUH 7UDQVUHJLR  7KH VWUXFWXUH FRQWDLQV WZHQW\
SURILOHV DQG HLJKW MRLQLQJ HOHPHQWV $OO SURILOHV ZHUH
PDQXIDFWXUHG E\ XVLQJ ³FXUYHG SURILOH H[WUXVLRQ´ DQG
PHDVXUHG DIWHU WKH SURGXFWLRQ SURFHVV 7KH MRLQLQJ
HOHPHQWVDUHDOZD\VFRQVLGHUHGWREHSHUIHFWDVWKH\DUH
PDQXIDFWXUHG ZLWK D KLJK DFFXUDF\ 7KHUHIRUH WKH
WKHRUHWLFDOFRQWRXURIWKHMRLQLQJHOHPHQWVLVXVHGLQWKH
YLUWXDODVVHPEO\

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)LJ  9LUWXDO DVVHPEO\ RI GHPRQVWUDWLRQ VWUXFWXUH EHIRUH
RSWLPL]DWLRQ WKH FULWLFDO SRVLWLRQV UHJDUGLQJ DGGHG GHYLDWLRQV E\
FORVLQJWKHVWUXFWXUHLQFLUFOHVDQGWKHDGGHGGHYLDWLRQVLQVTXDUHV
UHDUUDQJHILJ
$OO SURILOHV RI WKH GHPRQVWUDWLRQ VWUXFWXUH VKRZQ LQ
)LJXUH  IHDWXUH GHYLDWLRQV UHJDUGLQJ WKHLU FRQWRXU DQG
OHQJWK ,Q JHQHUDO WKH GHYLDWLRQV RI WKH VLQJOH SURILOHV
UHVXOWLQJIURPWKHFRPSDULVRQRIWKHLUWKHRUHWLFDODFWXDO
FRQWRXUUHFOLQHDURXQG1WR3.5mmUHJDUGLQJOHQJWKDQG
FRQWRXUDFFXUDF\&DXVHGE\DQDGGLWLRQRIWKHVHVLQJOH
HUURUVPD[LPXPGHYLDWLRQVXSWR15mmDULVHVHHILJ
 %HFDXVH RI WKHVH DGGHG GHYLDWLRQV SUREOHPV LQ
³FORVLQJ´ WKH VWUXFWXUH RU VXESDUWV RI WKH VWUXFWXUH
DULVHDWGLIIHUHQWSRVLWLRQVZKLFKDUHHPSKDVL]HGLQWKH
UHG ER[HV LQ ILJXUH7KHGHYLDWLRQV RI WKH HQGSRLQWV
IRUSURILOHWRDUHVKRZQLQWDEOH
7DEOH'HYLDWLRQVRIHQGSRLQWVLQ >mm@
3URILOH [GHYLDWLRQ \GHYLDWLRQ ]GHYLDWLRQ UHVGHYLDWLRQ
    
    
    

%HVLGHV WKH GHYLDWLRQV RI WKH HQGSRLQWV RI D
VWUXFWXUH LW LVDOVR LPSRUWDQW WR HQVXUHDKLJKDFFXUDF\
RI WKH ZKROH VWUXFWXUH 2Q SURILOH  IRXU DGGLWLRQDO
FRQWRXUSRLQWVDUHVKRZQ$VXEVHTXHQWRSWLPL]DWLRQRI
WKHVHDGGLWLRQDOSRLQWVLVLPSOHPHQWHG
7DEOH'HYLDWLRQVRIDOOSRLQWVRQSURILOHLQ >mm@ 
3RLQWV [GHYLDWLRQ \GHYLDWLRQ ]GHYLDWLRQ UHVGHYLDWLRQ
    
    
    
    

7KHVH SRLQWV DUH GLVWULEXWHG RYHU WKH
ZKROH SURILOH DQG WKHUHIRUH VSHFLI\ WKH
FRQWRXUDFFXUDF\ RI D SURILOH 7KH
GHYLDWLRQVRIWKHVHSRLQWVDUHGLVSOD\HGLQ
WDEOH
$V DOUHDG\ GHVFULEHG LQ >@ WKH
RSWLPL]DWLRQ RI WKH SURILOHV LV JHQHUDOO\
FDUULHG RXW EDVHG RQ WKH OHDVW VTXDUHV
DSSURDFK ZKLFK LV IXQGDPHQWDOO\ WKH
PLQLPL]DWLRQRIDIXQFWLRQJHQHUDWLQJWKH
VXPRIVTXDUHVDVIROORZLQJ
¦ 
i
i
xx
xFxF PLQ____PLQ   
7KLVLQGLFDWHVWKHVTXDUHVRIWKHGLVWDQFHV
EHWZHHQ DQ LQGLYLGXDO SRLQW RQ D SURILOH
VHOHFWHG WRRSWLPL]DWLRQ DQG WKH ILWWHGSRLQW JLYHQE\ D
WKHRUHWLFDOFRQWRXU
,Q WKH VXEVHTXHQW RSWLPL]DWLRQ RI WKH DGGLWLRQDO
SRLQWV DOO HQG SRLQWV FRPSRVH WKH WDUJHW IXQFWLRQ $
VSHFLILF QXPEHU RI FRQWRXUSRLQWV FDQ EH WDNHQ LQWR
FRQVLGHUDWLRQ DV VLGH FRQGLWLRQV GHSHQGLQJ RQ WKH
DFFXUDF\ UHTXLUHPHQWV RI D VSHFLILF SURILOH:LWK WKHVH
VLGHFRQGLWLRQVLWLVDOVRJXDUDQWHHGWKDWVSHFLILFSRLQWV
RU DUHDV RQ D SURILOH PDWFK SUHWHQGHG DFFXUDF\ )RU
H[DPSOH LI WKHUH DUH DQ\ FXWRXWV RQ D SURILOH ZKLFK
UHSUHVHQWWKHFRQQHFWLRQVHFWLRQIRUDQRWKHUFRPSRQHQW
WKHVHSRLQWVDOZD\VKDYH WREHSDUWRI WKHRSWLPL]DWLRQ
$IWHU WKH RSWLPL]DWLRQ WKH SURFHVVLQJ GDWD FDQ EH
JHQHUDWHG
)LJXUHVKRZVWKHVWUXFWXUHDIWHUWKHRSWLPL]DWLRQRI
DOO SURILOHV ,Q WKH SUHVHQW FDVH DOO SURILOHV ZHUH
RSWLPL]HGZLWKUHVSHFWWRWKHGLVWDQFHRIWKHLUHQGSRLQWV
UHJDUGLQJWKHWKHRUHWLFDOFRQWRXU
$GGLWLRQDO EHWZHHQ  DQG  FRQWRXU SRLQWV ZHUH
VHOHFWHGRQHDFKSURILOHWRDFKLHYHDKLJKDFFXUDF\RIWKH
ZKROH VWUXFWXUH $V LW FDQ EH VHHQ LQ ILJXUH  WKH
GHYLDWLRQFRXOGEHPLQLPL]HGRYHU WKHZKROH VWUXFWXUH
(VSHFLDOO\ LQ WHUPV RI ³FORVLQJ´ WKH VWUXFWXUH DQG VXE
SDUWV RI WKH VWUXFWXUH D VLJQLILFDQW LQFUHDVH RI WKH
DFFXUDF\ZDV DFFRPSOLVKHG%HVLGHV WKLV LPSURYHPHQW
WKH DFFXUDF\ RI WKH ZKROH VWUXFWXUH ZDV LQFUHDVHG DV
ZHOO,QWDEOHWKHGHYLDWLRQVRIWKHHQGSRLQWVRISURILOH
DQGDIWHUWKHRSWLPL]DWLRQDUHGLVSOD\HG
,Q*HQHUDOWKHDFFXUDF\UHTXLUHPHQWE\HDFKMRLQLQJ
SURFHVVLVGLIIHUHQW2QHMRLQLQJSURFHVVRIVSDFHIUDPH
VWUXFWXUHVZKLFKLVIUHTXHQWO\XVHGLVODVHUZHOGLQJ7KH
SURFHVV UHTXLUHG DFFXUDF\ LQ WHUP RI WKH PD[LPXP
DOORZHG JDS E\ ODVHU ZHOGLQJ LV PP >@ 7KXV DQ
DOLJQPHQWRIWKHMRLQLQJSDUWQHUVKDVWREHYHU\DFFXUDWH
LQRUGHUWRHQVXUHWKDWWKHUHTXLUHGWROHUDQFHVDUHPHW
x
y
z
Ͳ14.97 Ͳ7.48 Ͳ2.1 5.9 8.9 14.971.5
[mm]
1
2
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1
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)LJ9LUWXDODVVHPEO\RIGHPRQVWUDWLRQVWUXFWXUHDIWHURSWLPL]DWLRQ
WKH FULWLFDO SRVLWLRQV UHJDUGLQJ DGGHG GHYLDWLRQV E\ FORVLQJ WKH
VWUXFWXUHLQFLUFOHVDQGWKHDGGHGGHYLDWLRQVLQVTXDUHV
7DEOH'HYLDWLRQVRIHQGSRLQWVDIWHURSWLPL]DWLRQLQ >mm@
3URILOH [GHYLDWLRQ \GHYLDWLRQ ]GHYLDWLRQ UHVGHYLDWLRQ
    
    
    

,Q WDEOH  WKH GHYLDWLRQV RI DOO FRQWRXUSRLQWV RI
SURILOHDIWHUWKHRSWLPL]DWLRQDUHGLVSOD\HG
7DEOH'HYLDWLRQVRIDOOSRLQWVRQSURILOHDIWHURSWLPL]DWLRQLQ >mm@ 
3RLQW [GHYLDWLRQ \GHYLDWLRQ ]GHYLDWLRQ UHVGHYLDWLRQ
    
    
    
    

7KHUHVXOWVVKRZWKDWWKHPDFKLQLQJRIWKHSURILOHHQG
VHFWLRQV LV D IOH[LEOH ZD\ WR FRPSHQVDWH SURGXFWLRQ
UHODWHG GHYLDWLRQV %\ H[HFXWLQJ WKH PHWKRGLFDO
SURFHGXUH WKH DFFXUDF\ RI WKH GHPRQVWUDWLRQ VWUXFWXUH
FRXOG EH LQFUHDVHG VLJQLILFDQWO\ 7KXV WKH UHTXLUHPHQW
IRU DQ DXWRPDWHG DVVHPEO\ RI VSDFHIUDPHVWUXFWXUHV
ZLWKRXWVSHFLILFGHYLFHVLVJLYHQ
)OH[LEOHFODPSLQJJULSSHUIRUWKHDVVHPEO\
$VDOUHDG\ VWDWHG WKHDXWRPDWHGDVVHPEO\RI VSDFH
IUDPHVWUXFWXUHV LV SUHIHUUHG EHFDXVH RI TXDOLW\ DQG
HFRQRPLFDVSHFWV2QHZD\ WRDOLJQ WKH MRLQLQJSDUWQHU
ZLWKRXW VSHFLILF GHYLFHV DQG WKHUHIRUH DXWRPDWH WKH
DVVHPEO\LVWRXVHLQGXVWULDOURERWV
*LYHQ WKH IDFW WKDW DFFXUDF\ SUREOHPV IRU WKH
DVVHPEO\ WKDW UHVXOW IURP WKH SURGXFWLRQ SURFHVV DUH
XQGHUFRQWUROE\XVLQJWKHLQWURGXFHGPHWKRGWKHUHDUH
VWLOOGHYLDWLRQVZKLFKDUHFDXVHGE\WKHDFFXUDF\RIWKH
URERWDVZHOODVHUURUVUHVXOWLQJIURPWKH LPSUHFLVHQHVV
RIJULSSLQJDMRLQLQJSDUWQHU+RZHYHUDOOW\SHVRIHUURUV
FRPELQHGDGGXS WRGHYLDWLRQVKLJKHU WKDQ1mmDW WKH
MRLQLQJ VSRW IRU HDFK SURILOH 7KHUHIRUH WKH DFKLHYDEOH
DOLJQPHQW LV QRW VXIILFLHQW IRU WKH UHTXLUHG MRLQLQJ
SURFHVV >@)RU WKHDVVHPEO\ZLWK LQGXVWULDO URERWV DQ
DGGLWLRQDOV\VWHPZLWKDKLJKHUDFFXUDF\ LV UHTXLUHG WR
HQVXUHWKHFRUUHFWDOLJQPHQWRIWKHFRPSRQHQWV
7KHUHIRUHDQDSSURDFKEDVHGRQFRPSRQHQWLQKHUHQW
PDUNLQJV ZDV GHYHORSHG DW WKH ZEN ,QVWLWXWH RI
3URGXFWLRQ6FLHQFH7KHPDUNLQJVZKLFKDUHDSSOLHGRQ
WKHSURILOHGXULQJWKHSURGXFWLRQSURFHVV³FXUYHGSURILOH
H[WUXVLRQ´UHSUHVHQWD'FRRUGLQDWHV\VWHP'XULQJWKH
DVVHPEO\SURFHVVWZRSURILOHVDUHURXJKO\DUUDQJHGDQG
WKH PDUNLQJV FDQ EH FDSWXUHG ZLWK D VWHUHR FDPHUD
V\VWHP 7KHUHIRUH WKH SRVLWLRQ DQG RULHQWDWLRQ RI WKH
FRPSRQHQWVFDQEHGHWHUPLQHGSUHFLVHO\$IWHUZDUGVWKH
GHYLDWLRQV EHWZHHQ WKH WZR MRLQLQJ SDUWQHUV FDQ EH
GHWHUPLQHGDQGZLWK WKHKHOSRIDQ LPSOHPHQWHGFORVH
ORRSFRQWURO WKH LQGXVWULDO URERWV FDQ H[HFXWH D
FRPSHQVDWLRQPRYHPHQW WR DOLJQ WKH MRLQLQJ SDUWQHUV
SUHFLVHO\ 7KH DSSURDFK KDV EHHQ YDOLGDWHG LQ ILUVW
H[SHULPHQWV ZKHUH RQH SURILOH ZDV DOLJQHG ZLWK DQ
LQGXVWULDO URERW ZKLOH WKH RWKHU SURILOH ZDV IL[HG LQ
GHYLFH'HWDLOVFDQEHIRXQGLQ>@
(YHQWKHUHQRXQFHPHQWRIVSHFLILFGHYLFHVGHPDQGVD
IL[DWLRQ RI WKH MRLQLQJ SDUWQHUV GXULQJ WKH MRLQLQJ
SURFHVV 7KXV WKH XVH RI RQH FODPSLQJGHYLFH LV
HVVHQWLDO 7KH GHYLFHPXVW KDYH DPD[LPXP IOH[LELOLW\
ZKLOH HQVXULQJ WKDW WKH WZR MRLQLQJ SDUWQHUV FDQ EH
DOLJQHG SUHFLVHO\ WR HDFK RWKHU )RU WKLV UHDVRQ D
FODPSLQJJULSSHUZDVGHYHORSHGDWWKHZEN,QVWLWXWHIRU
3URGXFWLRQ6FLHQFHZKLFKRIIHUVERWKDKLJKIOH[LELOLW\
LQ UHJDUGV RI GLIIHUHQW FRQQHFWLRQW\SHV DV ZHOO DV WKH
DELOLW\ IRU D SUHFLVH DOLJQPHQW 7KHUHIRUH WKH VWHUHR
FDPHUD V\VWHP ZKLFK IRUPV D FORVHGORRS FRQWURO LQ
FRPELQDWLRQ ZLWK WKH FRPSRQHQWPDUNLQJV DQG WKH
LQGXVWULDOURERWZDVLQWHJUDWHGLQWKHFODPSLQJJULSSHU
)LJXUH	VKRZWKHSURWRW\SHRIWKHFODPSLQJGHYLFH
7KHJULSSHU KDV WKH VKDSHRI VTXDUH DQG LVPRXQWHG
RQDQLQGXVWULDOURERW7KHVWHUHRFDPHUDV\VWHPLVIL[HG
RQ WZR OLQHDU D[OHV 7KHUHIRUH D ODUJH ZRUNVSDFH LV
FUHDWHG DQG YDULRXV W\SHV RI SURILOHMRLQWV FDQ EH
SURFHVVHG,QDGGLWLRQLWLVSRVVLEOHWKDWWKHFDPHUDFDQ
DOZD\VEHDOLJQHGSHUIHFWO\LQIRFXVWRWKHSURILOHV
7RFUHDWHGLIIHUHQWSURILOHMRLQWV LW LVDOVRQHFHVVDU\
WKDW WKH FODPSLQJ GHYLFHV FDQ EH DGMXVWHG LQ WKH
ZRUNVSDFH 7KHUHIRUH WKH WZR GHYLFHV DUHPRXQWHG RQ
WZRD[OHVRQWKHORZHUVLGHRIWKHIUDPHZRUNZKLFKFDQ
EHPRYHGLQGHSHQGHQWO\WRWKHFDPHUDD[OHV7REHDEOH
WRSHUIRUPSURILOHFRQQHFWLRQVEHWZHHQ0°DQG+/- 90°
WKH WZR FODPSLQJGHYLFHV FDQ DOVR URWDWH DURXQG WKH z-
D[LV)LJXUHLOOXVWUDWHVWKHGHVFULEHGFRQWH[WDQGVKRZV
WZRH[HPSODU\FRQQHFWLRQW\SHV
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,QGXVWULDO5RERW
6WHUHR&DPHUD
/LQHDUD[OH
/LQHDUD[OH
&ODPSLQJGHYLFHV

)LJ3URWRW\SHRIWKHIOH[LEOHFODPSLQJJULSSHU
$SURILOHSURILOHFRQQHFWLRQZLWKDQ,MRLQWZKHUHERWK
FODPSLQJGHYLFHVKDYHWKHVDPHSRVLWLRQDQGRULHQWDWLRQ
WRS DQG D SURILOHSURILOH FRQQHFWLRQ ZLWK D 7MRLQW
ERWWRP ZKHUH ERWK GHYLFHV GLIIHU LQ SRVLWLRQ DQG
RULHQWDWLRQ,QGLUHFWSURILOHFRQQHFWLRQVZLWKWKHKHOSRI
FRQQHFWLRQFRPSRQHQWVPD\DOVREHSHUIRUPHGZLWKWKH
JULSSHU 7KH VKRZQ VWUXFWXUH WKHUHIRUH KDV KLJK GHJUHH
RIIOH[LELOLW\UHJDUGLQJGLIIHUHQWSURILOHFRQQHFWLRQV
7KH DFWXDO SURFHVV IRU WKH DOLJQPHQW RI WZRSURILOHV
FRQWDLQVVL[VWHSV

x 7KH GDWD IRU SURJUDPPLQJ WKH LQGXVWULDO URERWV
DQG WKH JULSSHU LV GHWHUPLQHG IURP DQ RIIOLQH
PRGHO)URPWKLVPRGHO WKHGDWDIRUWKHPRWLRQ
RIWKHURERWVDVZHOODVIRUWKHLQGLYLGXDOD[OHVRI
WKHJULSSHUDUHLGHQWLILHG
x $IWHUZDUGV SURILOH  LV VHW XS DQG IL[HGZLWKLQ
WKHFODPSLQJGHYLFH
x 3URILOHLVSRVLWLRQHG+HUHWKHSURILOHLVQRWVHW
XS LQ WKHH[DFW WDUJHWSRVLWLRQEXWSODFHGZLWKD
VDIHW\ GLVWDQFH WR DYRLG FROOLVLRQV WKDW PD\
UHVXOWIURPGHYLDWLRQVRIWKHURERWDVZHOODVWKH
LPSUHFLVHQHVVRIWKHJULSSLQJVSRWIRUDSURILOH
x 7KH PDUNLQJV RI ERWK SURILOHV DUH GHWHFWHG DQG
WKHGHYLDWLRQEHWZHHQWKHWZRMRLQLQJSDUWQHUVLV
FDOFXODWHG
x :LWK D FORVHGORRS FRQWURO SURILOH  LV WKHQ
DOLJQHGSUHFLVHO\ZLWKSURILOH
x ,Q WKH ODVW VWHS SURILOH  LV IL[HG ZLWK WKH
FODPSLQJGHYLFHIRUDSRVVLEOHMRLQLQJSURFHVVRI
WKH SURILOHV DIWHUZDUGV 7KH UHTXLUHG IRUFH IRU
LQGLYLGXDO SURILOHV¶ IL[LQJ DUH QRW KHUHE\
SUHFLVHO\ VSHFLILHG VLQFH SRVVLEOH HIIHFWV RQ D
SURILOHLQWHUPVRIHODVWLFGHIRUPDWLRQDUHQRWWKH
PDLQSXUSRVHRIWKLVSUHVHQWLQJSDSHU 
/LQHDUD[OH /LQHDUD[OH
5RWDWLRQRIFODPSLQJGHYLFHV
3URILOH 3URILOH

)LJ$OLJQPHQWRIFODPSLQJGHYLFHVIRUGLIIHUHQWSURILOHFRQQHFWLRQV
7KH FDPHUD V\VWHP DQG DV ZHOO DV WKH FODPSLQJ
JULSSHU ZHUH ERWK DOUHDG\ WHVWHG VHSDUDWHO\ +HUH WKH
SUHFLVH DOLJQPHQW RI WZR SURILOHV E\ XVLQJ FRPSRQHQW
LQKHUHQWPDUNLQJVKDVEHHQSURYHQVXFFHVVIXOO\>@7KH
FRPSRQHQWV RI WKH FODPSLQJJULSSHU ZHUH FDOLEUDWHG
WKXV DOORZLQJ DQ H[DFW SRVLWLRQLQJ RI WKH FODPSLQJ
GHYLFHVDVZHOODVWKHFDPHUD%\WKHLQWHJUDWLRQRIERWK
V\VWHPV RQ DQ LQGXVWULDO URERW WKH FRRUGLQDWH V\VWHP
GHILQHG E\ WKH FDPHUD FDQ QR ORQJHU EH VHUYHG DV WKH
UHIHUHQFHEDVHIRUWKHXVHGURERWVDVLWLVQRZVSDWLDOO\
PRYHGDVZHOO
&XUUHQW UHVHDUFK LV WKHUHIRUH IRFXVHG RQ WKH
FDOLEUDWLRQ RI WKH HQWLUH V\VWHP FRQVLVWLQJ GLIIHUHQW
D[OHVRI WKHJULSSHU WKH LQGXVWULDO URERWVDVZHOODV WKH
FDPHUD)RU WKLV SXUSRVH DEDVHFRRUGLQDWH V\VWHPKDV
WR EH GHILQHG LQ ZKLFK WKH FDPHUD FRRUGLQDWH V\VWHP
FDQ DOZD\V EH GHILQLWHO\ GHWHUPLQHG 7KHUHIRUH WKH
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VDPH EDVLVFRRUGLQDWH V\VWHP LV DVVLJQHG WR HDFK
LQGXVWULDOURERW 6XEVHTXHQWO\ WKH SRVLWLRQ LQIRUPDWLRQ
RI HYHU\ D[LV RI WKH FODPSLQJJULSSHU DV ZHOO DV WKH
SRVLWLRQRIWKHURERWWKHJULSSHULVPRXQWHGRQLVUHDG
RXWDQGFRQYHUWHGWR WKHEDVLVFRRUGLQDWHV\VWHP7KXV
DOO FDOFXODWHG GHYLDWLRQV DQG WKH FRPSHQVDWLRQ
PRYHPHQWRIWKHURERWFDQEHGHWHUPLQHGZLWKUHVSHFWWR
WKHFRPPRQEDVH
)LUVW WHVWV IRU WKH FDOLEUDWLRQ RI WKH ZKROH V\VWHP
ZHUH VXFFHVVIXOO\ EXW IXUWKHUPHDVXUHV WR LQFUHDVH WKH
DFFXUDF\ RI WKH ZKROH V\VWHP DUH SODQQHG LQ RUGHU WR
UHDOL]HWKHHQWLUHSURFHVVSURSHUO\
6XPPDU\DQG2XWORRN
,QWKLVSDSHUDQDSSURDFKIRUDSUHFLVHDVVHPEO\ZDV
SUHVHQWHGZKLFKDGGUHVVHVWZRPDLQLVVXHV
5HJDUGLQJ SURGXFWLRQUHODWHG GHYLDWLRQV RI VLQJOH
FRPSRQHQWV WKDW PD\ DGG XS GXULQJ WKH DVVHPEO\ DQG
WKHUHIRUH SUHYHQW DQ DXWRPDWHG ³FORVLQJ´ RI D VSDFH
IUDPHVWUXFWXUHDQHZDSSURDFKIRUWKHFRPSHQVDWLRQRI
WKHVH GHYLDWLRQV ZDV SUHVHQWHG 7KH JHQHUDO DSSURDFK
FRQWDLQV WKH PDFKLQLQJ RI WKH SURILOH HQG VHJPHQWV
ZKLFK DOORZV D VSDWLDOO\ DOLJQPHQW RI WKH SURILOHV DQG
WKHUHIRUHOHDGVWRDQRSWLPL]DWLRQRIWKHZKROHVWUXFWXUH
UHJDUGLQJWKHDFFXUDF\
&RQWUROOLQJ WKHVH GHYLDWLRQV VLQJOH SURILOHV KDYH WR
EHDOLJQHGDQGIL[HGSUHFLVHO\IRUDQDVVHPEO\:LWKWKH
XVH RI LQGXVWULDO URERWV IRU WKH DVVHPEO\ FKDOOHQJHV
DULVHUHJDUGLQJWKHDFFXUDF\RIWKLVSURFHVVVWHS)RUWKLV
UHDVRQ D IOH[LEOH FODPSLQJ JULSSHUZDV GHYHORSHG7KH
JULSSHUIHDWXUHVDVWHUHRFDPHUDV\VWHPZKLFKLVXVHGWR
GHWHFW FRPSRQHQW LQKHUHQW PDUNLQJV RQ WKH SURILOHV
7KHUHIRUH GHYLDWLRQV GXULQJ WKH DOLJQPHQW SURFHVV FDQ
EH GHWHFWHG$ FORVHG ORRS FRQWURO EHWZHHQ WKH FDPHUD
V\VWHPDQGWKHLQGXVWULDOURERWDOORZVWKHFRPSHQVDWLRQ
RIGHYLDWLRQVGXULQJWKHSURFHVV
$FNQRZOHGJHPHQWV
7KH ZRUN LV EDVHG RQ WKH LQYHVWLJDWLRQV RI WKH
VXESURMHFW &  ³&RPELQHG DSSOLFDWLRQ DQG SURFHVVLQJ
NLQHPDWLFV´  RI WKH 7UDQVUHJLRQDO &ROODERUDWLYH
5HVHDUFK &HQWHU7UDQVUHJLR  ZKLFK LV NLQGO\
VXSSRUWHGE\WKH*HUPDQ5HVHDUFK)RXQGDWLRQ')*
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